Excessive homoplasy in an evolutionarily constrained protein.
The evolution of monomorphic proteins among closely related species has not been examined in detail. To investigate this phenomenon, the glycerol-3-phosphate dehydrogenase (Gpdh) locus was sequence in a broad range of Drosophila species. Although purifying selection to remove amino acid variation is the dominant force in the evolution of Gpdh, some replacements have occurred. The sequences were compared in the context of the phylogeny of the genus, revealing a high proportion of amino acid parallelism and reversal (homoplasy) at four sites. The level of homoplasy is significantly greater than that seen in other proteins for which multiple sequences are available, showing that Gpdh is strongly constrained by both the number of amino acid differences and the types of changes allowed. These four sites evolve at a much higher rate than do the other variable positions in the protein, accounting for half of the interspecific amino acid replacements. However, unlike typical hypervariable sites, where multiple changes to several different amino acids are seen, evolutionary 'flip-flopping' between two amino acid states defines this new class of hypervariable site.